Abstract: This work studies the relationships between the number of complex tours (with one or more intermediate stops) and simple home-based tours, total distances traveled by mode, and land-use patterns both at the residence and at the workplace using path analysis. The model includes commuting distance, car ownership and motorcycle ownership, which are intermediate variables in the relationship between land use, tour complexity and distances traveled by mode. The dataset used here was collected in a region comprising four municipalities located in the north of Portugal that are made up of urban areas, their sprawling suburbs, and surrounding rural hinterland. The results confirm the association between complex tours and higher levels of car use. Land-use patterns significantly affect travelled distances by mode either directly and indirectly via the influence of longer-term decisions like vehicle ownership and commuting distance. The results obtained highlight the role of socioeconomic variables in influencing tour complexity; in particular, households with children, household income, and workers with a college degree tend to do more complex tours. Land-use patterns mediate the effects of tour complexity on the kilometers travelled by different modes. Increasing densities in central areas, and particularly the concentration of jobs, have relevant benefits by reducing car kilometers driven.
Introduction
During the 1970s and early 1980s, several researchers recognized the limitations and pitfalls of the trip-based approach as materialized by the 4-step model (e.g., [1] [2] [3] [4] [5] ). One relevant criticism was that the focus on individual trips ignored the interrelationships between different trips and between trips and activities [6] . From this stemmed the notion that the object of analysis should consist of sequences of patterns of behavior and not individual trips [6] . Therefore, tours, defined as a series of chained trips starting and ending at the same anchor point (usually home or workplace) [7] , allow to preserve the consistency of the transport mode, destination and time-of-day throughout the trips undertaken during the day [7] [8] [9] . Since a tour involves the chaining of trips, both concepts tend to be used interchangeably. Chaining trips, resulting in a smaller number of more complex tours during a day, have been considered as an individual strategy to reduce the total amount of travel, particularly total distances traveled.
Tours are a relevant component of activity-based models (e.g., [10, 11] ), but compared to other dimensions of travel behavior (e.g., travel mode choice and vehicle distance traveled) tour type and tour complexity have not been the object of much attention in the research relating travel behavior to land-use patterns/urban environment. Theoretically, more dense and diverse urban areas induce trip-chaining as a way to reduce travel distances, but since they could reduce the marginal costs of additional trips that could be included in the chain, the resulting effect might be an increase in the
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Increasing tour complexity by chaining trips enables individuals to link secondary and primary activities [19] . Besides consolidating trips, trip-chaining might also induce new travel [13] . Empirical research on the relationships relating land-use patterns with trip-chaining, tour frequency and tour complexity have so far produced mixed results. Several studies focused on different components of tours and trip-chaining and also on different tour purposes. In some cases, the focus has been on commuting tours, but there is also research on non-work tours. The dimensions studied included tour frequency, tour complexity and tour transport mode choice. Land-use variables included in these studies varied significantly, both in scope and in location: home-related land-use variables, work-related land-use variables and tour main destination characteristics. Only a limited number of studies have considered self-selection effects [13, 14, [20] [21] [22] and even fewer have studied tours in the context of other travel-related decisions, e.g., car ownership [20, 23, 24] and mode choice [17, 20, 25] .
The effects of land-use characteristics on tour complexity and frequency are mixed. Density has been found to reduce tour complexity [21, 26, 27] , increase it [28] [29] [30] or be neutral [31] . Lee [32] argues that living in more walkable neighborhoods increases the likelihood of performing simple tours. Mixing urban activities could increase trip-chaining [12, [33] [34] [35] and, therefore, increase tour complexity. The effects of accessibility are also mixed. Neighborhood accessibility together with regional accessibility was found to decrease tour complexity [36, 37] . On the contrary, other authors [26, 38] , argue that greater public transport accessibility increases trip-chaining. Noland and Thomas [27] claim that higher accessibility leads to more travel and Cao et al. [13] that it increases tour complexity. Other authors found out that land-use characteristics at the workplace have stronger effects on tour complexity [22, 28, 39] than the ones in the vicinity of the residence. Land-use patterns at the workplace could have different effects than similar patterns at the residence area. Higher density, mixed uses and transit accessibility at the workplace location lead to more complex tours [26, 30] . Retail density and accessibility of destinations can also increase tour complexity [40, 41] . The effects of land-use patterns on tour frequency are also mixed. Living in zones with higher accessibility was found not to influence shopping tours' frequency [40] , while other studies argue that higher density and walkability in the residence area increases tour frequency [26, 32] .
Another characteristic that land use could influence is tour travel mode choice [31, 32, 39, 42] . In general, these results tend to corroborate the reported effects of land-use patterns/urban environment on transport mode choice (e.g., [14, 34, 35, [43] [44] [45] ). Transit access, mixed and dense land uses, and higher levels of walkability increase the probability of using transit and non-motorized modes [32, 39, 42] . Increasing tour complexity diminishes the likelihood of using non-motorized modes [32] and public transport [16, 46] . More complex tours are associated with higher levels of car use [19, 20, 24, 47, 48] . The use of public transport in more complex trip chains is dependent on the adequacy of transit supply and the concentration of activities around its stops [47, 49, 50] . Tour complexity creates relevant challenges to public transport operators [17, 51] . Besides land-use patterns, socioeconomic characteristics also influence tour characteristics. Several socioeconomic characteristics have been found to be associated with increased tour complexity. The presence of children in the household is associated with more complex tours [25, 29, 30, 46, 47, 52] . Household income also correlates positively with tour complexity [29, 46, 52] , although Chen and Akar [30] argue otherwise. Women tend to have more complex tour patterns [25, 29, 52] . Having a college degree increases tour complexity [25] . Members of larger households [30, 46] and older people [25, 30] engage in simpler tours.
Materials and Methods

Model Framework
The model global structure (Figure 1 ) was devised explicitly to introduce the frequency of simple and complex tours (tours with at least one intermediate stop) within a framework that considers both longer-term decisions related to location patterns, spatial self-selection [42] , commuting distance, car and motorcycle ownership and shorter-term decisions related to daily distances travelled by mode. Apart from the socioeconomic variables, all the other variables are endogenous to the model. Thus, the model incorporates self-selection effects due to needs (e.g., household composition, presence of children), abilities and restrictions (e.g., income) [45, 53, 54] that could be correlated with socioeconomic characteristics. Globally the effects go from long-term decisions to short-term ones, but feedback effects [55] , in which car ownership affects location patterns, are also considered. Although some studies focused on several of the referred relationships, like self-selection [13, 14, [20] [21] [22] , car ownership [20, 23, 24] , and the relationship between tour complexity and mode choice [17, 20, 25] , none of the reviewed studies has included all the relationships modeled here. 
Model Methodology
The modelling method used here is path analysis (also known as simultaneous equation modelling). Path analysis is a special case of structural equation modelling (SEM) [56, 57] when all variables included in the different model equations are observed. The general equation for this method is:
where, y is the vector of the endogenous variables; B is the matrix containing the coefficients for the equations relating the endogenous variables; X is the vector of the exogenous variables; Γ is the matrix containing the coefficients for the equations relating the exogenous with the endogenous variables; ζ is the vector of the residuals from the structural relationships between y and x.
The fact that these methods are able to model simultaneously several endogenous variables and handle direct and indirect relationships makes them particularly adequate to study complex relationships between travel behavior and urban environment. The model results include direct (equivalent to regression coefficients), indirect (sum of the effects mediated by other variables) and total effects (sum of the total and indirect effects). Direct effects give a clear image about the model structure, but the total effects allow for a better interpretation, since due to possible contradictory direct and indirect effects, model interpretation based only in the direct effects might lead to misleading conclusions. The estimation method used here is Weighted Least Squares (WLS). This method was developed to deal with binary, ordered and censored variables [58] as in the present case. Since WLS uses correlation matrices, the resulting coefficients are standardized, facilitating a direct comparison between the magnitudes of the different effects.
Case Study and Data
The data used here is a subsample from a mobility survey implemented in four neighboring municipalities (Barcelos, Braga, Guimarães and Vila Nova de Famalicão), belonging to the NUTS 3 (Nomenclature of territorial units for statistics) of Cávado (Braga and Barcelos) and Ave (Guimarães and Vila Nova de Famalicão), in the north of Portugal (Figure 2 ). The data was collected, between May and June of 2012, for an Integrated Mobility Plan developed for these 4 municipalities [59] . The survey was implemented by the consultants who developed the mobility plan, using stratified 
Model Methodology
where, B is the matrix containing the coefficients for the equations relating the endogenous variables; y is the vector of the endogenous variables; Γ is the matrix containing the coefficients for the equations relating the exogenous with the endogenous variables; x is the vector of the exogenous variables; ζ is the vector of the residuals from the structural relationships between y and x.
Case Study and Data
The data used here is a subsample from a mobility survey implemented in four neighboring municipalities (Barcelos, Braga, Guimarães and Vila Nova de Famalicão), belonging to the NUTS 3 (Nomenclature of territorial units for statistics) of Cávado (Braga and Barcelos) and Ave (Guimarães and Vila Nova de Famalicão), in the north of Portugal (Figure 2 ). The data was collected, between May and June of 2012, for an Integrated Mobility Plan developed for these 4 municipalities [59] . The survey was implemented by the consultants who developed the mobility plan, using stratified random sampling. Six different strata differentiated by age (15-17-year-olds; 18-65-year-olds; and older than 65) and gender were used. Households were contacted, and one of each household members was randomly selected and asked to fill a travel diary for the last weekday. The socioeconomic characteristics of all the individuals in the household where collected, as well as the characteristics of the vehicles owned by its members. The subsample included only households where the interviewed member was a worker with a workplace inside of the study area, so that the land-use characteristics of the employment location could also be measured. The 4 referred municipalities, with a total population of 593,841 inhabitants and occupying 1005 km 2 , form a homogeneous sub-region with similar occupation patterns and economic specialization. Besides the cities which are the seats of each of the 4 municipalities' the study area is characterized by dispersed occupations where small villages and hamlets are intersected by small farms and more recently by small industrial units. Although its population density (590 inhab/km 2 ) is five times larger than mainland Portugal (114 inhab/km 2 ) the percentage of urban population (people residing in urban agglomerations with 2000 or more inhabitants) is smaller (51.0% against 63.1% for mainland Portugal). Within the study area, different zones were classified as urban (4% of the study area), suburban (9% of the study area), and rural (the remaining 87% of the study area) based on population densities. The urban areas correspond also to the seats of the four municipalities and are surrounded by less dense suburban areas. The zones classified as urban are on average denser, more urbanized, with a higher proportion of multi-family buildings, and have a denser road network (Table 1) .
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The study area was divided into 142 transport analysis zones (TAZs) and several land-use variables were collected for each TAZ. Urban form exhibits a multidimensionality that is difficult to capture [60] with interconnections between different land-use variables [20, 61] . One way to solve this issue is to group land-use variables into global indexes [61] . Principal components factor analysis was used to reduce the collected land-use variables in 5 factors capturing the multidimensional characteristics of urban space both at the residence and workplace TAZs. Table 3 presents the obtained factors, their defining variables and respective loadings.
These variables include a binary variable classifying the TAZ as being part of an urban center; a global density (considering the sum of residents, workers and students); the road network density (excluding freeways); the percentage of residents living in urban areas inside the TAZ; the percentage of urban space in the TAZ; the percentage of multifamily buildings; public transport and car gravity-based accessibility indicators; travel time to the nearest railway station and freeway intersection; and an entropy index [45] , measuring the diversity of different categories of urban space (residential, industrial, infrastructures and construction spaces). Table 3 . Rotated land-use factor matrix loadings (KMO = 0.867, % of explained variance = 77.43%).
Land Use Factor Land Use Variable Loadings Living in a dense central urban area
Residence zone is an urban center (1 = yes) 0.846 Road network density at the residence zone 0.758 % of multi-family buildings at the residence zone 0.855 Global density at the residence zone 0.882 % of urban residents at the residence zone 0.774 % of urban space at the residence zone 0.927
Working in a dense central urban area
Workplace zone is an urban center (1 = yes) 0.834 Road network density at the workplace zone 0.685 % of multi-family buildings at the workplace zone 0.767 Global density at the workplace zone 0.839 % of urban residents at the workplace zone 0.716 % of urban space at the workplace zone 0.891
Living in an accessible area
Public transport accessibility at the residence zone 0.792 Car accessibility at the residence zone 0.807 Travel time to the nearest freeway intersection at the residence zone −0.778 Travel time to the nearest railway station at the residence zone −0.825
Working in an accessible area
Public transport accessibility at the workplace zone 0.749 Car accessibility at the workplace zone 0.766 Travel time to the nearest freeway intersection at the workplace zone −0.804 Travel time to the nearest railway station at the workplace zone −0.699 Entropy Entropy at the residence zone 0.774 Entropy at the workplace zone 0.614
The first four factors present a clear distinction between resident and workplace TAZs. The first and second factors present high loadings in several variables associated with more urbanized, denser and central areas; therefore, they were named, respectively, "Living in a dense and central" area and "Working in a dense and central area". The third and fourth factors are mainly associated with higher levels of accessibility both at the residence and workplace TAZs; therefore, they were named "Living in an accessible area" and "Working in an accessible area". The fifth factor is associated with higher land-use diversity both at the residence and workplace TAZ, and was named "Entropy".
Results and Discussion
The model presents a very good fit. The chi-square statistic is 96.708 (with 127 degrees of freedom and a p-value of 0.979), resulting in a ratio between the chi-square and the degrees of freedom, smaller than 1, which is indicative of a good fit [62, 63] . The Goodness of Fit Index (GFI) is 0.997 and, in addition, both Bayesian-fit indicators, the Akaike Information Criterion (AIC) and the consistent Akaike Information Criterion (CAIC), present values smaller than the saturated model and independence model, indicating that the estimated model is superior to both. The results are presented in Table 4 , which presents the direct and total effects due to the exogenous (socioeconomic) variables, and in Table 5 , presenting the direct and total effects between endogenous variables.
Effects Due to Exogenous Variables
The effects of socioeconomic variables on travel are in accordance with previous findings on the literature, income has a very strong effect on private vehicle miles driven followed by gender. Being a man increases the likelihood of travelling more by private vehicle and much less by public transport and non-motorized modes. The higher percentage of adult men with a driver's license (89% of adult men own a driver's license compared with 65% of adult women) contributes to explain these effects and the higher use of public transport and non-motorized modes by women. Wealthier, more educated workers, with children [19, [25] [26] [27] 29, 46, 52] and belonging to younger households are more likely to engage in more complex tours. These results highlight the behavioral effects resulting from the presence of children in the household and related activities of escorting them (mainly to school activities) in conditioning their parents travel patterns. Although escorting trips only represent around 4% of all trips in this region, they are almost exclusively made by car (98%). Escorting trips made by workers are almost exclusively (around 88%) from households with children or teenagers, being that 62% of the escorting trips are made in households with children. Between 2001 and 2011, the share of students commuting to school as car passengers almost doubled (from 21% to 41%). The share of car-driver commuters also rose substantially, from 43% to 64%. These parallel increases highlight the interrelationship between commuting by car and escorting students to school. They are aligned with similar children-commuting patterns observed in other European countries [64, 65] . Car-oriented lifestyles, distances to school and perceptions about safety contributed to increase the share of car use in children's trips [64, [66] [67] [68] , thus impacting adult travel patterns. The positive total effects of the presence of children in the number of kilometers driven by car are passed via their effects on the number of complex tours on car travel.
The effects of gender on the number of tours are passed via the effects of gender on commuting distance and car and motorcycle ownership, resulting in non-significant total effects of gender. The effects of having a college degree are negative on travelled distances by all modes. This might be a result of the location patterns of more educated people, which tend to live and work in more urban and accessible environments, therefore contributing to reduce their amount of travel. The total effects of education levels on the distance travelled by non-motorized modes are about half the total effects on car and public transport traveled distances, an indication of their preferences for the former. The negative total effects on public transport have a higher magnitude than the effects on private vehicle travel, hinting that more educated workers do not see it as a viable alternative to the car.
The results also show the existence of self-selection effects due to individual and household characteristics and preferences captured by socioeconomic variables. Workers with a university degree have a higher likelihood of working and living in central and denser areas as well as in more accessible ones, indicating both preferences for more urban environments, in accordance with recent studies (e.g., [69] ), and reflecting the concentration of jobs in the service sector in central and accessible areas, which are more aligned with the skills of these workers. Also, by living and working in central areas they are able to reduce commuting distances, as evidenced by Table 4 , an attractive feature of urban areas to middle-class and knowledge workers [70, 71] .
The effects on commuting distance are in accordance with previous findings (e.g., [16] ); workers with higher income, with a university degree and also men have longer commutes. Nevertheless, the indirect effects from the location patterns of more educated workers reduce substantially the total effects on commuting distance. The model shows some evidence that motorcycles are representative of a first wave of motorization, and that motorcycle owners are more concentrated in less dense, central and accessible areas (see Table 5 ) as Yamamoto [72] has found. It can be seen that differences exist between households who own more motorcycles when compared with those who own more cars. Income has a much stronger effect on car ownership and having a university degree has a contrary effect on car and motorcycle ownership. Also, households with more cars tend to be older and larger than those who own motorcycles.
Effects between Endogenous Variables
Making more complex tours increases the number of kilometers travelled by private vehicles and strongly reduces the kilometers travelled by public transport, indicating that people with more complex patterns of mobility do not see public transport as an alternative. The total effects of simple tours reduce the kilometers travelled by private vehicles but their total effect on public transport is non-significant. These results confirm previous research [16, 17] , which found an association between complex tours and higher levels of car use. They are in accordance with Ye at al. [17] who pointed out that the direction of influence goes from tour type choice to mode choice. These results also highlight the specific characteristics of the study area, in which public transport supply is mainly based on buses which do not serve adequately the more exurban areas and has a very low urban form efficiency related to access to public transport services [73] . Land-use patterns affect travel distances by mode significantly, but their magnitude is much smaller in promoting the use of both public transport and non-motorized modes than in reducing the number of kilometers driven by car/motorcycle (working in a dense central urban area is the strongest determinant of the number of kilometers driven). These results, together with the fact that the levels of congestion within the studied area are low [59] , suggest that the effects of land use on private vehicle use consist mainly in reducing travel distances (and making them more compatible with non-motorized modes), rather than transferring demand to public transport by influencing relative travel costs.
Performing more simple tours implies a reduction in the number of complex tours. All the other total effects on complex tours, with the exception of working in a dense and central area, are non-significant, meaning that different indirect effects coming from commuting distance, number of simple tours and land-use patterns tend to annul each other. This corroborates findings that point to the stronger effects of work locations on tour complexity [22, 28, 39] , but it is contrary to the positive effects of denser areas on tour complexity [26, 30] . The effect of working in central and dense areas is related to the effect this land-use factor has on commuting distance (reducing it). Longer commutes might be associated with more complex tours, as some research has shown [15] . Here, commuting distance negatively influences the number of simple tours, thereby capturing this effect. Commuting is the result of location patterns of both workplace and residence; not accounting for the influence of land-use patterns on commuting distance might inflate the effects of the former on the number of complex tours. Besides commuting distance, the number of simple tours is mainly negatively influenced by living in dense and central urban areas. These results suggest that commuting to more exurban areas induces more complex tours in order to save time and reduce total travel distances. In these exurban areas, schools and other urban functions are also dispersed (increasing travel distances) and have lower accessibility by public transport. These spatial patterns are also an incentive for parents to escort their children to school [66, 67] , thus contributing to more complex tours. These results point to the difficulties in reducing the levels of private vehicle use in low-density sprawled areas where public transport supply has to cope with low levels of demand and, therefore, reduce frequency to balance operating costs with revenues, thus limiting its attractiveness. Comparing the standardized total effects due to the endogenous variables (Table 5 ) with those from the exogenous variables (Table 4) , it can be concluded that socioeconomic factors are stronger determinants of tour complexity than land-use patterns. The role of land use seems to be more relevant in influencing kilometers driven by mode. 
Note: coefficients significant at 95% presented in bold; HH stands for Household; Ln stands for natural logarithm; # stands for number. Self-selection effects resulting from individual preferences, given by the effects of car ownership in reducing the likelihood of living in more central and urban areas, evidence the important role of car ownership as an intermediate variable between location patterns and travel behavior. This effect has also emerged in several studies using the same modeling approach and a similar structure supporting the robustness of the model [14, 74] . Car ownership is only influenced by living in an accessible area, showing the effects of land use on car ownership. But this relatively weak effect could be partly due to two aspects. The first is the strong increase of motorization rates in Portugal during the last two decades, motivated both by economic growth and easy access to credit. The second is the combined result of public transport levels of service, the absence of strong parking regulations' enforcement, and the percentage of housing with dedicated parking, which reduce the effects of density on the costs of car ownership and use. Living in more remote, urban and less-accessible areas increases the likelihood of owning more motorcycles, corroborating the findings of Yamamoto [72] , reinforcing the perception that rural populations tend to own more motorcycles than urban ones, a sign of the differences in the motorization patterns of both rural and urban households. Living and working in central and dense urban areas reduces commuting distance. By contrast, working in accessible areas will increase commuting distance clearly, showing the polarizing effects of more accessible areas.
Conclusions
A path-analysis model was built to study the relationships between the frequency of simple and complex tours and distances travelled by mode while incorporating within the same framework, vehicle ownership, commuting distance and land-use patterns. The results confirm the association between complex tours and higher levels of car use. Land-use patterns significantly affect travelled distances by mode both directly and indirectly, via the influence of longer-term decisions like vehicle ownership, a strong determinant of mode choice, and commuting distance. The results obtained also highlight the role of socioeconomic variables in tour complexity, in particular households with children, household income, and workers with a college degree. They were found to increase the frequency of complex tours strongly. The conditions imposed by the presence of children in the household (e.g., escorting them to school and other activities) lead to more complex tours, not compatible with the current public transport system, and result in higher levels of car use and a reduction of transit patronage. These socioeconomic variables, which can capture the effects of workers' needs and preferences, are stronger determinants of tour complexity than land-use characteristics. But land-use patterns can also mediate the effects of tour complexity on the kilometers travelled by different modes. A clear example of this effect is the case of workers with a university degree. Although they have a higher propensity to engage in more complex tours, their location patterns induce a negative effect on the kilometers driven by car.
In this low-density, sprawled region, the effects of land use reside mainly in affecting travel distances, making some of them (in the denser areas) more compatible with non-motorized modes. The effects on public transport use although positive have a small magnitude. Global low densities and reduced congestion levels prevent public transport being a competitive alternative to the car. The low transit patronage contributes to an increase in the operational deficits of public transport operators and, consequently, prevents any increase in services, particularly in the less dense and more outlying areas, reinforcing their residents' dependence on private transport (car/motorcycles). All of these effects contribute to a challenging policy context where the low levels of children's independent mobility [68] patterns coupled with a sprawled region contribute to unsustainable mobility patterns. But the model results also show that increasing densities in central areas, and particularly the concentration of jobs in these central areas, has relevant benefits by reducing car kilometers driven.
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